A comprehensive methodology for the analysis of thermal analysis due to welding has been studied in this present investigation. A finite volume methodology (FVM) among term of the basic heat transfer equation was enforced to simulate the temperature profiles in submerged arc welding (SAW) of AISI 1518 grade steel. The supply of the arc is assumed to be a moving conicoidal heat supply with a Gaussian distribution. The obtained results from the simulation methodology are compared with experimental results and determined a good agreement with experimental results, with associate degree overall proportion of error calculable to be between 5.23%. The influence of welding current and speed of temperature analysis has been evaluated and located that each one those parameters are playing a necessary role in moving the temperature distribution of the assembly, i.e.when current inflated, the temperature conjointly inflated with constant speed yet like higher speed temperature is decreased for constant current . Finally, the influence of heat input on peak temperature variations in various welding parameters has been evaluated and shown that the higher heat input in higher temperature is obtained.
INTRODUCTION
Submerged arc fastening (SAW) is one in all the foremost common producing operations for the connection of structural parts for a several of the applications, as well as bridges, building structures, cars, trains, farm instrumentation, and nuclear reactors, to call some [1] . Studies of temperature distributions in weldments are very important for weld internal control. So, it's one in all the foremost necessary factors and sophisticated development to grasp the simulation of the heat distribution from the arc supply to the assembly. The first attempt was described in temperature distribution in weldment more than forty years ago, to model a moving point heat source for welding process. Firstly, the analytical model was developed for steady state, two dimensional heat flow problem with Fourier equation in welding and derived by Rosenthal in 1940s [2, 3] . He was assumed a point heat source model and temperature independent material thermal properties, which increase the error of the heat source model. Therefore, to overcome these limitations several researchers has used distributed heat source models like two dimensional disc model [4] , Gaussian heat distribution [5] , split heat source [6] , constant heat input [7] , arc heat flux [8, 9] , double ellipsoidal [10] [11] [12] [13] etc. Eager and Tsai [5] improved the Rosenthal's analytical resolution of temperature distribution with introducing a moving heat supply model. Their model was a major step for the advance of temperature prediction within the close to heat supply regions. Jeong and Cho [14] have conjointly introduced an analytical resolution to conniving the transient temperature field supported the 2D Gaussian heat source, but with different distributed parameters and they have successfully transformed the solution of the temperature field in the plate of a finite thickness to the fillet welded joint.
But in practice, Welding faced many problems involve complicated geometry, thermal history with complex boundary conditions and cannot be solved analytically. Therefore, it is necessary to develop practical or numerical models for predicting the temperature distribution, for which temperature distribution can be calculated within acceptable tolerance, because a sophisticated numerical program and methods can yield accurate and reliable results [15] . Many researchers have been used in different numerical models like finite element method (FEM) [16] [17] [18] [19] [20] and finite difference method (FDM) [21-26] and finite difference method (FVM). More recently, in branches of thermal and mechanical strategies FVM has become a popular tool for weld modelling. In 2011, Abbas Sh Alwan [27] has been used a Finite Volume Method (FVM) for the 3D heat transfer model to determine the cooling curve in weld metal zones and temperature distribution of submerged Arc welding (SAW) process and shown that the cooling rate is influenced by welding parameters. Patankar [28] has been solved a differential governing equations of heat transfer to analysed the temperature field in the fusion zone, which is numerically solved by a finite volume method (FVM). M Kubiak [29] issues a finite volume technique numerical modelling to calculate the temperature distribution of the welded plate of Laser-arc hybrid butt-welded plates.. Zhang et al.
[30] to develop a numerical heat transfer model by Finite Volume Method (FVM) to analyze the temperature profiles and the metal droplet's modelled on tungsten arc (GTA) welding process with a volumetric heat source . G Taylor et al. [31] introduce a modelled for determining the heat distribution of welding phenomena by FVM and they were shown that the temperature distribution influenced on size of fusion zone. However, developed numerical models of heat flow distribution of weldments can provide an increased understanding of the welding process, and also can provide a tool to improve processes, process control and productivity. On the other hand, the nature of thermal profile is influenced by variation on different welding parameters (such as current, voltage, welding speed etc.) [32] [33] [34] . So, it is also essential to study the influenced of process parameters on the thermal history in weldment for different welding condition. Chen et al . [35] Investigated to study the effect of weld parameters on the thermal history in steel plates and found that welding current and voltage are effects on the temperature profiles of Weldments as well as welding speed also effects on the temperature profiles. Gery et al [36] studied on the results of fastening parameters and heat supply distribution on temperature variations in butt fastening and located that the welding speed, energy input and heat source distributions is effects on the shape and boundaries of FZ and HAZ. They also influence peak temperatures in FZ, which consequently affect the transient temperature distributions in the welded plate.
In the present investigation, a numerical model is established to analyze the temperature profiles with a moving heat source of submerged arc welding of 12 mm thick AISI 1518 grade steel by using finite volume transient heat transfer analysis. The results show that the theoretically computed data compared with experimental data is validated and gives a good agreement with experimental results of a range of welding conditions. Also, it has been described that the input parameters such as welding current and speed play an essential role in affecting the temperature distribution.
EXPERIMENT PROCEDURE
The specimen used for measurement of transient temperature was a rectangular piece of size 200×100×12 mm. A fused type silicon product with grain size 0.2 to 1.6 mm with basicity index 1.6 flux (AUTOMELT A55) is used for welding which having a chemical composition of, SiO2+TiO2=30%, CaO+ MgO =10%, Al2O3 + MnO= 45%, CaF2= 15. Bead-onplate welds were deposited using mild steel electrode coated with copper wire diameters of 3.15mm. Table 1 shows the chemical composition of the base material and electrode wire. Total fifteen (15) welds were deposited following the welding parameters given in Table 2 . To measure the temperature in the welding process, the K type chromul-Aumul thermocouple was used. A sketch diagram for the submerged arc welding set up is presented in Fig. 1 .
FIGURE. 1: SCHEMATIC OF SAW PROCESS AND ENLARGED FIGURE OF THE ARC.
The positions of the thermocouples based on the chosen coordinate system are tabulated in Table 3 . The thermocouples 1-4 were attached to a depth of 0.6 cm, through the blind holes which were drilled from the top of the plate and thermocouple 5 attracted to a depth of 0.6 cm from the bottom of the plate and its schematic diagram shown in figs. 2 & 3. The temperature dependent material properties of the base metal are shown in Table 4 . The density of the materials was taken of 7,850 kg/m3. A data acquisition device was developed for the purpose of this research. A PC-based data acquisition system (NI PCIE-6351, X Series Multifunction DAQ) with a maximum frequency of 100 MHz was used to sample the signal from the thermocouples. The data acquisition system of LABVIEW was used to acquire the temperature every second, during welding from these 3 locations as well as the room temperature. 
Where, K is the thermal conductivity (W/m0c). Cp is the specific heat capacity (J/kg 0C), ρ is the density of the plate material (kg/m3) and q is the internal heat generation rate (W/m3), T is the unknown temperature of weld plate (0c) and is the spatial gradient operator. Considering the moving coordinate system (ξ= x -vs t), the governing equation can be rewritten as.
Where α, thermal diffusivity of the work-piece, is equal to k/(ρcp); vs is the welding speed and t is the time.
Simulation of the Heat Source
The basic input parameter required for thermal analysis of the weld is the magnitude of the coming from the welding arc torch. Since the welding arc torch transmits heat over a surface and surface heat source (heat flux) is closer to the real condition than point heat source. Instead of uniform heat distributed, many researchers have used disc type heat source model according to Gauss distribution. For Gaussian distributed heat source, heat at certain distance (r) from centre of heat source has value according to equation 4. 
Where, q (r) is the surface heat flux at radius r, q0 is the maximum flux at the centre of the heat source. r is the concentration coefficient and the radial distance from the centre of the heat source, r is the characteristic radial dimensional distribution parameter that defines the region in which 95 per cent of the heat flux is deposited [37] . The disc type heat distribution with conical shape represented as 
Where and Q is the power of the welding heat source, V is the arc voltage, I is the welding current, η is the arc efficiency. Here, the arc efficiency is assumed to be 0.95 for submerged arc welding process [38] . When disc type heat distribution coordinate system moves with the heat source then equation (5) is replace by equation (6) [39] and it is expressed by
Where, is the moving coordinate system of weldments. The above equation for heat source with considering the moving coordinate system (ξ= x -vs t), equation (6) can be written as:
Boundary and initial conditions
Initial and boundary conditions complete the governing equations. The finite volume modelling of the thermal behaviour during SAW performed in the present investigation is governed by the equation (1) 
3. The bottom surface of the plate is taken with the ambient temperature 4. in initial condition is needed at time t = 0 and the initial condition can be defined as 0 (x, y, z, 0) T T =
Where, T0 is the initial temperature or pre-heat or inter-pass temperature. However, in the present work T0 is the ambient temperature.
Assumptions
All the analyses are performed incorporating temperature dependent thermal properties of the base metal. The following assumptions are made in the formulation of the model: 1. The initial or ambient temperature of the weldments is 30 0 C. 2. Thermal properties of the material like density, specific heat and conductivity are temperature-dependent. 3. The convection heat transfer coefficient is taken 25 W/m 2 K. 4. The physical phenomena such as Maragoni effects, convective melt flow, buoyancy force and viscous force are neglected.
MATHEMATICAL MODEL OF TEMPERATURE DISTRIBUTION 4.1 Finite Volume Technique
The finite Volume approach is a popular choice of formulation for the advection and diffusion of the heat and material. The FV approach usually considered a subset of the Finite Difference method scientists studying flow phenomenon such as aerodynamics and hydrodynamics may choose this approach. Compressible and incompressible fluid flow regimes are examples of problems that might be modeled in a FV approach. The equation below is an example of a steady-state finite volume approximation for incompressible convection/ diffusion in one dimension, where u is the variable of interest, v is velocity, and ρ are constant, x and k is space and its written as equation (11) .
This equation (11) is in reality a specialized version of the Crack-Nicolson scheme, applied specially to incompressible, steady-state convection and diffusion. In this study, a mathematical model has been developed by a finite volume method (FVM) with Matlab code to simulate the temperature profiles of weldments of submerged arc welding. Three main configurations of moving heat source over the weld surface are used: point heat source, surface heat source and volumetric heat source .In the present investigation, surface heat source based on Gaussian conicoidal heat distribution model is chosen. During welding, the welding source moves parallel to x direction with welding speed of Vs and ζ represents a moving abscissa, which is parallel to x axis in weldments as shown in figure 4 . A reference section is taken at a distance of 100 mm from starting point of welding, which is related with ζ. 1 1
Mathematical equations for different type of node
Knowledge of relative position of the reference section from the heat source (ζ) at any instant of time t is important. This is arrived by subtracting the position of heat source at that instant of time (vs) from the distance of reference section from the starting point of the plate. The value of ζ may be positive or negative depending on the position of the heat source being before (start of welding) or after the reference section with respect to time. However it should be mentioned that heat content of the reference section changes with changing value of ζ and it is maximum at ζ=0 (which means the source is above the reference section).Discretization of reference section of weldment is shown in figure 5 . By considering the type of boundary condition here the unsteady state heat transfer formulation is carried out for all type of node, whether they belongs interior, surface edge or corner. Convection boundaries are considered on the surface facing the ambient as well as for those nodes which lies on the edge or corner. Heat flow among the interior node by conduction. We have surface node, interior node, corner and edge node.
The input data for this calculation included the ambient temperature, the initial temperature of the specimen, the size of the specimen and of the elements of the mesh, the initial position of the arc, the thermal properties of the specimen and environment, and the parameters which characterized the arc. A careful check for the mesh and grid independence of our numerical solutions has been made to ensure the accuracy and validity of the numerical schemes. For this purpose, in mesh systems, t=0.05 s and y= z= 2 mm, is tested. Spatial increment y, and z of 1mm, and a time step t=0.025 s are thus adopted in the calculation.
For all surface nodes (e.g. for node 1) has been written in equation (12) . For Δy=Δz=L, the equation (12) become as equation (13) .
For all surface nodes (e.g. for node 1) 27 1
For Δy=Δz=L, the equation become 
FIGURE 5 (A) PLATE WITH REFERENCE SECTION AND (B) DISCRETIZATION OF REFERENCE SECTION
Similarly for all interior, all corner and all edge nodes equation has been written as equation (14) - (19) . Figure 6 (A-E) shows the thermal profiles or temperature distribution across the transverse direction from the weld center line to the edge of the weldments. In figures 6 (A-E), comparison of simulated and measured thermal cycles at 0, 6, 8, 10 and 12 mm from weld line has shown. When the heat source reaches the weld line nodes, it rises nodes temperature to its peak value to sudden increase in temperature and cools down gradually once it moves. It should be observed that this numerical model's value lie within the theoretical ranges. From these figures it can be appealed that this simulation results has shown a good agreement with experimental results in different welding conditions. Apart from showing the general trend, the transient temperature values also match the experimental data. For the thermocouples, especially at T1, T2, T3, T4 and T5 the model predict a lower temperature than the experimental peak temperature and it may be caused by the radiation of arc source which was not modeled. The peak temperature variations for different thermocouples with various welding parameters are provided in the table 5. 
RESULTS AND DISCUSSION
(A) (B) (C) (D) (E)
Effect of welding current on thermal profiles
For the purpose of finding out the effects of welding process parameters on temperature distribution of weldment, with different parameters have been performed. Keeping the constant welding speed and varying the current 350A to 450A, the corresponding temperature distribution profiles are plotted for location of different thermocouples in figure 7, 8 and 9 at different locations respectively.. From these figures, it can be seen that when current increased, the temperature also increased with constant welding speed. Also shown that when the current has been changed from 350 to 450A at constant speed, with an overall percentage of change of temperature estimated to be within 19-23%.
The temperature is inversely proportional to the welding speed [27] . Therefore, when the welding speed is slower the temperature is larger, for a constant current. In case of effects of welding speed condition, the temperature distributions in the weldment at T5, T1, T2, T3 and T4 for constant current (350A or 400A or 450A) for variant welding speeds, 0.67-1 cm/s is shown in figure 10 ,11 & 12. From figure 8, it can be concluded that with higher speed, temperature is decreases in the weldment as the heat source applies for a shorter period of time when it moves faster. 
Effect of welding speed on thermal profiles

FIG. 10: EFFECT OF WELDING SPEED ON TEMPERATURE DISTRIBUTION AT T5 (ALL DIMENSIONS IN CM) FOR DIFFERENT VALUES OF WELDING SPEED WITH CONSTANT WELDING CURRENT 350A.
FIGURE 11 EFFECT OF WELDING SPEED ON TEMPERATURE DISTRIBUTION AT T1 (ALL DIMENSIONS IN CM) FOR DIFFERENT VALUES OF
WELDING SPEED WITH CONSTANT WELDING CURRENT 400A.
FIGURE 12: EFFECT OF WELDING SPEED ON TEMPERATURE DISTRIBUTION AT T2 (ALL DIMENSIONS IN CM) FOR DIFFERENT VALUES OF
WELDING SPEED WITH CONSTANT WELDING CURRENT 450A.
Effects of heat input on peak temperature
The heat input has obvious effects thermal profiles of weldments and the change in temperature is approximately directly proportional to the heat input. For the purpose of finding out the effects of heat input on peak temperature, with different welding parameters have been performed. For corresponding the peak temperature distributions with varying the heat input to 1 to 1.92 KJ/mm at thermocouples T1,T2,T3,T4 & T5 are plotted in figure 13 . From figure 13 , it can be seen that the higher heat input results in higher temperature.
